Lumbar disc herniation is a common condition that is effectively treated by lumbar discectomy in patients whose symptoms fail to respond to nonoperative measures. Peul et al. 12 showed that early surgery improved recovery rates of leg pain as well as perceived recovery, but the 1-year outcome rates were similar for both early surgery and late surgery. In the Spine Patient Outcomes Research Trial (SPORT), Weinstein et al. 16, 17 showed that surgery and conservative approaches both demonstrated substantial patient improvement over a 2-year period, with surgery showing consistently better but not statistically significant improvement compared with conservative treatment. At the 4-year mark, surgery was shown to be superior to conservative treatment in terms of clinical outcome. 16 However, a number of patients with successfully treated lumbar disc herniations eventually develop progressive disc space degeneration that may be associated with characteristic endplate changes initially described by Modic et al. in 1988. 9 The Modic classification of vertebral endplate changes includes 3 progressive types of degeneration. Type 1 changes are hypointense on T1-weighted imaging and hyperintense on T2-weighted imaging and represent bone marrow edema and inflammation. Type 2 changes are hyperintense on T1-weighted imaging and isointense or slightly hyperintense on T2-weighted imaging and are associated with conversion of normal red hemopoietic bone marrow into yellow fatty marrow as a result of marrow ischemia. Type 3 changes are described as hypointense on both T1-and T2-weighted imaging and are believed to represent subchondral bone sclerosis.
Importantly, the clinical significance of these socalled Modic endplate changes in the postoperative setting remains unclear. Essentially 2 theories have been proposed regarding the etiopathology of Modic vertebral endplate changes. The biomechanical theory proposed by Modic et al. 8, 9 suggests that abnormal stresses affect vertebral endplates and the microenvironment of adjacent vertebral bone marrow, resulting in histological changes. These histological changes are reflected on MR imaging as signal intensity changes.
The biochemical theory proposed by Crock 3, 4 implicates the upregulation of inflammatory mediators in the nucleus pulposus in a local inflammation associated with low-back pain. The inflammatory reaction by the toxic substances from the degenerative disc may go on to produce Modic changes (MCs). 2 Albert et al. 1 suggested a theory of disc herniation in which a portal of entry for bacteria is created, with a resultant inflammatory reaction that predates MCs. This theory, however, has been less widely accepted due to its lack of proof.
The reliability of the Modic classification system is less controversial. Good to excellent kappa values were obtained for inter-and intraobserver variability by Jones et al. 5 and Peterson et al. 11 It is therefore a reproducible method of describing endplate changes. A review of the published literature suggests that the association between MCs and low-back pain is variable. 7, 9, 18 Interestingly, Kjaer et al. 6 have suggested that MCs associated with low-back pain represent a separate disease entity. Even less clear is the significance of these changes in the postoperative setting and their association with clinical outcome.
In this issue of the Journal of Neurosurgery: Spine, Rahme at el.
14 prospectively studied the radiological progression of Modic vertebral body endplate changes over an average period of 41 months. A total of 41 patients who underwent standard single-level microdiscectomy performed by a single surgeon were recruited for their final study population. The initial number of patients who underwent this procedure during the study period was 97, but only 54 (56%) consented to the study, which may have introduced some degree of selection bias. Of these 54 patients, 13 did not have any preoperative MR imaging, which further excluded them from the final study population of 41 patients.
The authors performed a standard microdiscectomy, which involved sparing of the facet and resection of only disrupted disc material with an effort to spare the anulus and endplates. Rahme et al. 14 then studied clinical outcome using standardized scoring systems including the Oswestry Disability Index and Patient Satisfaction Index, and correlated these scores with an assessment of the vertebral endplate changes (assessed using the Modic classification) and the degree of disc space collapse on the preand postoperative MR imaging.
The patients were evaluated radiologically for preoperative MCs and the progression of these changes for a median period of 41 months (range 32-59 months). The prevalence of MCs preoperatively was 46.3%, which in-J Neurosurg: Spine / Volume 13 / November 2010 creased to 78% at the final follow-up, with 63.4% cases having Type 2 MCs. Interestingly, there was also a trend for Modic Type 1 changes to progress to Type 2 changes, and for Type 2 changes to be maintained, although with a greater extent of involvement of the endplate. Rahme et al. 14 then attempted to correlate the Modic vertebral endplate changes with low-back pain. In their analysis, the conversion to Modic Type 2 change was associated with a lower rate of back pain, although this correlation did not achieve statistical significance. They also concluded that there was no correlation between the presence of sciatica or segmental instability, disability score, patient satisfaction, or work status with the progression of MCs.
Although the natural history of MCs typically involves the conversion of Type 1 (unstable) to Type 2 (more stable) throughout a period of 18-24 months, 9,15 surgical intervention does appear to alter the course of conversion, with rigid stabilization procedures potentially resulting in stabilization of the endplate changes. Interestingly, Putzier et al. 13 suggested that dynamic stabilization may prevent progression of the degenerative endplate changes following lumbar discectomy. At 3-months' follow-up, accelerated segmental degeneration existed in the solely nucleotomized group but no progression of disc degeneration was noted in the dynamically stabilized group.
Rahme et al. are to be congratulated for their efforts to correlate the progression of postdiscectomy vertebral endplate changes with the development of low-back pain. The authors suggest that degenerative vertebral body endplate changes progress after lumbar discectomy, although these radiological changes were not strongly associated with the development of clinically significant back pain.
Further prospective clinical studies specifically examining the evolution of vertebral body endplate changes and their relationship to objective outcomes would help us better understand the temporal evolution of degenerative discogenic changes in the lumbar spine following surgical intervention. In addition, newer MR imaging modalities, including sodium double-quantum-filtered nuclear MR spectroscopy, will likely add further insights into the evolution of degenerative disc disease with or without surgical intervention. 10 
